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This invention relates to improvements in com- 
bustion furnaces for heating fluids flowed through 
tubes, and fo an improved method oï heating such 
fluids, wherein the heating tubes are arranged 
within a heating space so as fo cause hot com- 
bustion gases fo flow longitudinally with respect 
to the heating tubes, and wherein the combustion 
gases are recirculated. The heater and method 
according fo this invention are, ïor exampte, par- 
ticularly useful in the carrying out oï endothermic 
chemical reactions, such as the dehydrogenation 
oï alcohols or other gaseous hydrocarbons which 
takes place ai about 1000 ° F. Other examples are 
the conversion oï ethylene dichloride into vinyl 
chloride and hydrochloric acid ai about 960 ° F., 
the cracking of hydrocarb0n oil, and catatytic de- 
hydrogenation processes. 
In heaters oï this class diflïculty is frequently 
experienced because of uneven heating of the 
tubes, resulting in local overheating. It is 
ready known fo provide a more gentle heating 
by recirculating the flue gases, but this bas re- 
sulted in operating diflïcu]ties. With the heaters 
heretoïore known the use of steam injectors ïor 
effecting circulation was hot satisfactory because 
the primary and recirculated combustion prod- 
ucts vere hot always completely mixed and di- 
ïerent tubes were hOt heated equally. 
It is an object oï this invention to provide an 
improved tube heater and an improved method of 
heating flowing fluidæ wherein heat of substan: 
tially uniform intensity is distributed among the 
several heating tubes, and the tubes are heated 
substantially evenly along their lengths. 
If is a further object to provide an improved 
tube heater and an improved method of heating 
flowing fluids wherein recirculation of combustion 
products or flue gas is induced by the injection 
of a gas, such as steam, in a flow arrangement 
which wfll insure substantially even distribution 
of heat to the several heating tubes. Ancillary 
thereto, it is an object fo provide an improvëd 
method of heating and an improved heater where- 
in the flue gas recirculation rate can be easity 
controlled. 
.Stfll another object is fo provide a heatër hav- 
ing a combustion chamber fltted with one or more 
Venturi constrictions downstream from the burn- 
er or other source of combustion gases and hav- 
ing a nozzle for expanding and discharging a gas, 
such as steam or air or combustion gas, into the 
Venturi throat in :a manr/er fo induce circula- 
tion of the flue gas through the combustion 
chamber, in combination with flow passage ways 
ïor flowing the resulting ugnented stream of 
combustion gases in heat exctlange with the heat- 
ing tubes and to effect the recirculation of flue 
gas through the combustion chamber. Ancillary 
thereto, it is an object to arrange the discharge 
port, through which excess or non-recirculated 
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2 
flue gas is withdra'wn ïrom the heater, in such 
relation fo the Venturi constriction as fo ïacilitate 
regulation oï the recirculated gas. 
Still ïurther objects of the invention will be 
5 apparent ïrom the following description, taken in 
eonnection with the drawings ïorming a part of 
this spechïcation, wherein: 
Fig. 1 is a vertical sectional view of a preferred 
embodiment of the invention, parts being shown 
10 in elevation; 
Fig. 2 is a sectional view taken on line 2--2 of 
Fig. 1; 
Fig. 3 is a vertical sectional view showing a 
modifled construction; and 
15 ]Fig. 4 is a sectional view taken on line 4--4 of 
Fig. 3. 
Briefly, according fo the instant invention com- 
bugtion gases are recirculated within the 
closure of the heater proper by means of the jet 
2O effect of a gas, such as saturated or superheated 
steam, air, or combustion gases which bave been 
compressed. I preïer fo inject steam as the jet 
gas fo avoid ïoiznation oï an oxidizing atmos- 
phere, and because if is readily available in fur- 
25 nace installations. However, the inventïon is hOt 
limited fo the use of steam and any gas, includ- 
ing air, may be used as the jet gas. The jet gas 
is ejected from one or more expanding nozzles 
and directed as one or more jets through one or 
30 more Venturi throats, thereby entraining com- 
bustion gases. The hot combustion gases, ïrom 
any source, such as a liquid ïuet humer, are com- 
mingled with the recirculated flue gas after the 
35 latter bas passed in contact with the heating 
tubes and belote flowing through the Venturi 
throat. The stream oï hot combustion gases is 
thereïore, successiely augmented vith recircu- 
lated flue gas and with jet gas and, as a result, 
40 undergoes a decrease in temperature. The aug- 
mented and partially cooled stream is then passed 
through one or more elongated convection heat- 
ing passages containing the heating tubes through 
which the fluid fo be heated is passed, the flow 
45 of the augmented gas stream being paratlel to 
the axis of the heating tube and either concur- 
rently or counter-currently fo the direction of 
flow oï the fluid in the tubes. The reduced tem- 
perature and increased volume oï the augmented 
5O 
gas stream minimize the temperature gradient 
along the heating tubes and also equalize the 
heat transfer rate from the gas fo the heating 
tubes along the length and about the circumfer- 
55 ence of the heating tubes. 
By my method of mixing the ïresh combus- 
tion gases with the recirculated gases prior to 
passage through the Venturi throat (whereby the 
Venturi throat is disposed upstream ïrom the 
60 heating passages) insures a complete mixing of 
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the fresh and the recycled combustion gas and 
the jet gas; this results in a more uniform heat- 
ing of the heating tubes. 
Excess gases are withdrawn from the circu- 
lating gas stream at any desired point in the 5 
circuit, and I prefer to withdraw them (approxi- 
mately at a rate equal to the sum of the raCe of 
admission of fresh combustion gases and jet 
gas) ]ust after the gas bas trversed the heating 
tubes. 
The method will be understood more completely 
from a consideration of the apparatus illustrated 
in the drawings, which fllustrate certain preferred 
embodiments of the invention, it being under- 
stood that the invention is hot limited to the 15 
specflic arrangement of flow passages shown 
Cherein. 
leferring to Figs. 1 and 2, the heater is sup- 
ported .on a concrete foundation I having a cbn- 
tra:l or inner wall la supporting a horizontal bulk- 
hed tb lined on its upper face With refractory 
tire bricks supporting a plurality, for example, ïïve 
burners -2. These burnerS receive combustion 
ir via opening Ic. The wall la is continued 
upwardly by a refractory brick section 3, a check- 25 
er brick section 4, and a refractory section 
having slots Sa near the top. The space above 
Che burners 2 and withln these sections is herein 
referred to as the combustion 'space. The com- 
bustion space is fltted with a ransverSe partïtion 3O 
or Venturi block 6 having a plurality, for example, 
flïperforations 6a forming Venturi throaCs. The 
lower portions of these throts may be lined With 
metllic Sheathing as shown. Expansion n0zzles 
] 'are mounted beneath each of the Venturi open- 35 
ings and disposed to discharge jet gas upwardly 
substantially tangent fo the wal]s of the Venturi 
throas. 
A ouer furnace vall is provided surroun-ding 
tle sections4 and 5 and spaced therefrom. This 40 
Walt may be suppoïted in any Conventional man- 
ner. ,As shown in Figs. 1 and 2 it is suspended 
frm a :steel famework comprising H-columns 
 esting-on the Ioundation I .and supporting 
tical smgle Sections 9 through gùsset plates 1'4}. 45 
The' angle secgions 9 support arcuate angles 
from which tire resistgnt tite blocks 12 are sus 
lended by well known means, hot shown, incl-ud.- 
ing Suspension iugs. A sheathing of het in- 
su]ating material I- surrounds the blocks 12 and 50 
is also suspended from the angles I l. Horizontal 
I-bäm|4 extend across he top of the furnace, 
behig secureil to the H-columns 5 and fo-rmïng 
i]ppbrts for the susPended rëfractory roof 15 gfid 
f0rthe heating tubes 16 and IL The tubes gre '55 
sspended by collars 16a nd 17a. These tubes 
extend vertically within the annular conneCtion 
heatiig spce beween the -combustion chamber 
Wal']s .End the outer furnace wall, extending 
dbwnwgrdly through opbni:ugs .in a lower, annulsr 60 
refractor.y Wall 18, suppoïted fr0m thë ste41 
framework. The heating tubes are sealed to the 
roof 15 .and lower wall 18 by means of refractory 
bushings I-9. 
The lower portion of the outer wall has a series 65 
of openings 20 communicating with an annutar 
flue box 21 connected at one side to a stuck 22. 
A d£mpèr 2 is provide d in the cormection be- 
tween ghe box 2/ and stack. 
The nozzles ] are cor/necCéd by a manifold 
t6 a geam line 25 wtiïCh is c0nnected to a source 
o aturated or sUpehëaed steam, n0t sh0wn. 
The valve 25 is open ànï the valve 21 is cl0ed. 
For sperheating Und/or generating tlie stearà I 
muy provide a steam coil 28 in the stack or in the 75 

flue box 21; in this case the valve 26 is closed 
and the valve 21 i open. 
The iluiï2 to be heated is  passed irom inlet 29 
to a manifold  connected to the bottoms of the 
heating tubes 16. In this embodiment the heat- 
ing tubes are arranged to vaporize liquid and the 
tubes ri:6 hmCtion as preheaters and are of rela- 
tively small diameter fo effect the turbulence 
necessa fbr efficient heat trsfer. The vapors 
:ass t0 -e gîn heating tubes il via U-con- 
necors 31. he tubes il are of relatively large 
diameter o accemmodate vapors and provide the 
necessary space velocity for the particar use to 
hih thëurnace is put. The fluid is discharged 
via radial pipes 32a to a circar exit header 32. 
OEn bhe,operagi0n o:f the :heaer, hot combnsVion 
gasës are genèaèd:y çe bdçnes 2 ,a.nd ,passed 
upwardly .h,roúh .the .cóbCti¤n chamber,, rdi- 
aïly outwadly «grough he slots Sa downwadly 
through the aúlar eabg :space enclosing the 
heatmg ubes :a: óu: -th'ough -çhe ue box 
and saek 2.. A tin 'o£ the -flUe -gas is ,recir- 
culated troug, h e ,checker-b»içk 4,-ugmeing 
the :sream o£ :cbm-buSgi0n rgases nd cooling the 
lager, riruagiOn iS duced by e .ction of 
çhe ozzlès  and he Venburi btock 6,, w.here 
çhe uugmened- sream iS èntigïnèd 'gnd Still f-u- 
her aueed by the jet-gus. Te pressure , 
.eruppeb por't:i.of:he heatdr, abbve e Venui 
b]bck,-may be .atmhei: or slightiy above 
ambsphbriC, hfle ,ghe ,D2essue neath Che 
Venturi block may be somewha% less th.an atmo- 
phëri) a-ltheUh the .venCço is .not lit to 
0ber Uion a,t.sùch pressures. 
Thë reciruien .r.ute- is ga by the re 
ó fl0w o egas ïSsuing IrO the nozzles ] d 
5 ghe ampdr ¢. BF "recicula¢ion rte" I 
mëan he eight ri  the flue, gas floWing ra- 
OEaltyl-n%rou %ho ker bïck-. to the cm- 
busion gses-gnerà4 y the bwners 2. The 
recirculti0n-re may bè vr,ied rddg 
he desed .tper%ue e he mixed se oW- 
in downwaY thrbugh be nular 
spae. By y .6f eamDle, aad wçhouç lïg 
the inve:tn fhërëe,  ït my be sted tha Zhe 
bewen-..bu I-:0. nd i+3. Tu, when the 
rc{rcuáfo rte is I:, :te qUntïty of 
psed tbh te helg späê is 5eteen 
ad 4 t.mes as grët as t -qU'àIty enerated 
(nsisig .of 0ne pr% b .fesh 0bti9n .Bes, 
%Wo parS 01 eCrcu]%ed .Ue g, and  
amo, sffa[ly Iss han on pr.t, of jet ). 
Hb 10ses arè imied ïn thB heter 
placing e hesg rbn isfde the ner, ty 
IoEndriCa seetlo - d  ê Y vent the 
 cCs flue gs îa%0 the fle box :I at its 
CemperaUr.  ïs, fSr-%ë,.deirble fo RveoE. é 
oess combus%ion  la 0ëb ,o imr0Ve the he;r 
mal eciency and fo avoid formation 0f an 0zi- 
gzag gs }x%e hih rapïd:ly dCrier:aes r OEe 
tubes ànd 
 he agénted-stfêa-.of cembçien g.s ïs 
ushally coOle:d h oin hugh e Venui 
bhroats because th'e jet-gaS iS coolbr thon he 
sZrem etrained terbY. 
The 'cènrl 10fi0n of t-e ombustion.cham- 
bër and h reDirCulRfDn dr ue s make if 
ible fo use iess resist lls for t ouïr 
tion. The héain tbe r6 evey sPced :in  
nnu]ar eafing pe Whereby the iAdividul 
tuDês t diEei'ent pDinfs of the ccerenè of 
thé hCfër reelve an eq] mot of heat.  
áXial mëty, Whil prtirly useful ith 
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the heater disclosed, is also useful in cases vhere 
the Venturi throat and jet nozzle 7 are omitted 
and the flow of flue gas is effected by ther- 
mosyphon action or by fans or the like, and the 
invention, in one aspect, resides in this arrange- 5 
ment of flow channels, regardless of whether 
means for huducing circulation are provided or 
of the type of such means employed. 
An important feature of the invention is the 
arrangement whereby an augrnented stream of 10 
heating gas is flowed along the heating tubes at 
a reduced temperature, whereby the temperature 
gradient lengthwise of the tube surface is reduced 
and the heat transfer rate in the direction of the 
length and crcumference of the heating tubes 
nearly equalized. Another important feature 
sides in the location of the Venturi throats im- 
mediately downstream from the point of junc- 
ture of the fresh, hot combustion gases and the 
recirculating flue gas. This arrangement insures 2O 
complete mixing of the fresh and recycled gases 
and the jet gas and results in the more uniform 
heating of the tubes. 
By suspending the heating tubes from the top 
by collars resting on the exterior steel framework 
they are easily removed from the top, if being 
only necessary to disconnect them from the bot- 
tom manifolds. By connecting the preheating 
tubes 6 to the main heating tubes ,7 at the top, 
wherein no vertical movement due to thermal ex- 
pansion takes place, the provision of fluid-tight 
connections are facilitated. 
The heater may be modifled in several re- 
spects. For example, the discharge of excess 
flue gases may be effected from the top or from ,35 
an intermediate level of the heating space, 
whereby the heating of the tubes may be varied 
te meet particular conditions. The outer walls 
may be ruade entirely of refractery or of insulat- 
ing material, instead of containing a layer of 4O 
each. ]urther, if is hOt necessary to arrange 
the combustion chamber vertically or to place 
the heating tubes entirely around the combus- 
tion chamber; however, the arrangement shown 
is preferred in that If provides a symmetrical 45 
arrangement and thereby lromotes even dis- 
tribution of heating gases. Finally, the sus- 
pension of the outer furnace wall and the tubes 
froma steel framework is nota part of the in- 
vention, and I may employ any other construc- 5o 
tion such as, for example, that illustrated in 
3 and 4. 
Referring to Figs. 3 and 4, the furnace com- 
prises a concrete foundation 0 with a cylin- 
drical portion 6« lined with refractory tire 55 
bricks ! 63 and  03a and insulating brickwork  33, 
and provided with a plurality of premix burners 
2 adapted fo generate combustion gases by 
burning a prevlously .partly or fully mixed 
stream of fuel and air. Above this brickwork 
there are checker brickwork J64 and a cylin- 
drical refractory section ,6§ having slots 
af the top. The section 6 has a plurality, e. f., 
rive, radial fins O6b extending outwardly and 
subdividing the annular heating space inte a 
plurality of smaller heating spaces. A single 
Venturi block 66 having a throat O6a is fltted 
within the section, 66 and provided with a plural- 
ity of nozzles 07 for expanding jet gas into the 
Venturi throat. 
The outer furnace wall comprises checker 
brickwork ,34 and a cylindrical wall 2 which 
may be of suitable heat-resistant concrete or 
of refractery brick. The furnace top J6 rests 
on the wall  2 and is covered by heat insulat- 

ing material 136 and a steel plate 136. tteat- 
ing tubes II 7 extend vertically within the ver- 
tical heating spaces between the walls ,66 and 
 and ïms 66b and are suspended from the 
steel plate 3b by collars 7. The tubes are 
connected ai the top to a marùfold ,.', and at 
the bottom to a circular header . via radial 
connectors , 
The flue exit duct is in the form of an annular 
flue box , in communication with te heating 
space through the checker brickwork 
is connected to a stack 2 through a passage- 
way fltted with a damper 
are supplied with jet gas by a manifold 4, pipe 
6 and valve 
The heater is operated in the same manner 
as that according to Figs. 1 and 2, except that 
no preheating tubes are provided. The fluid te 
be heated may be flowed either upwardly or 
downwardly through the heating tubes, depend- 
ing upon the type of heating desired. For ex- 
ample, in endothermic reactions, whi.rein the 
conversion temperature is to be maintained as 
urùformly as possible, it is usually important te 
avoid teo great a difference in temperature be- 
tween the reacting gas mixture and the heating 
gas in the part of the heating tube whire 
reaction takes place, i. e., the ourlet part of the 
tube. At the inlet end greater differinces in tem- 
0 perature are permissible without causing any 
detrimental effect. In such a case heating in 
concurrent flow with the heating gas is most 
suitable and the reaction mixture is flowid down- 
wardy through the tubes 7. For other ap- 
plications of the heater countercurrent flow may, 
of course, be more appropriate, and the mixture 
may be flowed upwardly through the heating 
tubes. 
I claire as my invention: 
1. A tube heater comprising an enclosing wall 
structure .forming a central vertical combustion 
chamber, a source of hot combustion gases near 
the bottera of said combustion chamber, an outer 
wall spaced from and surrounding said wall 
structure te form a vertically elongated hiat- 
lng space therebetween, vertical convection heat- 
ing tubes located entirely outside of said enclos- 
ing wall structure and within said heating space, 
passageways interconnecting the combustion 
chamber and the heating space both at the top 
and at the bottom, means located within said 
combustion chamber ïor inducing upward more- 
ment of combustion gases and flue gas upwardly 
within said combustion chamber, whereby gases 
may circulate through said chamber and siace, 
and a flue for discharging flue gas. 
2. The tube heater according to claim 1 where- 
in there are a plurality of interconnecting pas- 
sageways at each end of the heating space and 
6O the heating tubes and the passageways are 
spaced substantial]y evenly about the combus- 
tion chamber. 
3. The tube heater according to claire 1 where- 
in the heating tubes are arranged in pairs, the 
65 tubes of each pair being interconnected ai the 
one vertical end of the heating space. 
4. A tube heater comprising an enclosing wall 
structure forming a central vertical combustion 
chamber, a source of hot combustion gases near 
7O the bottem of said combustion chamber, an outer 
wall spaced from and surrounding sai.d wall 
structure to form. a vertically elongated heat- 
ing space therebetween, a plurality of radial 
partitions extending from the enclosing wall 
75 structure to said outer wall and subdividing said 



260.1,667 

7 
heating space into u .plurality Of circumteren- 
tially contigu0us vertical smaller heating ,spaces, 
vertical convection heating :tubes located-entively 
outside of said enclosing wall structure aTid 
within said smaller heating spuces, passagewaFs 
interconnecting the combustion chamber u, nd 
the smaller heating spaces .both at the top and 
at the bottom, means located within said:'com- 
bustion chamber for .inducing upward movenïént 
of combustion gases .and flue ,gas upwardly 
within said combustion chamber, wtzereby gases 
may irculate through said chamber-and, smalter 
heating spaces, and a tue ïor dischatgilqg flue 
gas. 
5. A tube heater comprising.an enclosing wall 
structure forming a combustion chmber, a 
source of hot combustion gases neav one end of 
the chamber, a second watl-structure-formïng, 
gether with said flrst walt:structure, an et0ngated 
convection heating space, Convention heatng 
tubes within the heating space and löcated to 
be shielded by said enclosing wail .structure frein 
direct radiation frein the saïd source oï .combus 
tion gases extending longitudinally with respect 
te the heating space, passageways interconn6cting 
the ends of said heating space with spacêd points 
in said combustion chamber, a Venturi con" 
striction within said combustion chamber .inter  
mediate said spuced pòints,, nozzle ineans 
discharging a fluid jet into the throat of said 
Venturi constrictien, and a flue for discharging 
flue gas. 
6. A tube heater comprising a flrst inner Wall 
of refractory material forming a vertical Com- 
bustion chamber, s, soUrce of h0t combilStiDn 
gases near the bottom of said combustion cham- 
ber, a second outer wall of insulating'-re£ractory 
material surrounding said flrst wall and spaced 
therefrom te forma vertïcall-y elongated heating 
space therebetween, vertical convection heating 
tubes located entirely outside of :said flrst inner 
wall and within said heating space, passag'eways 
interconnecting the ends of ,said heating spaCe 
with spaced points in said combustion chm 
ber above said sotu'ce of combustion gasesa Ven- 
turi constriction within said combustion :eham- 
ber intermediate said spaced points, nozle means 
for discharging a fluid jet upwardly into the 
throat of said Venturi eonsçriction, and. a: flue 
ïor discharging flue gas. 
7. The tube heater according t claire 6 where- 
in the flue is connected te the bottòm of: said 
heating space. 
8. The tube heater according te claire 6 where- 
in there are a plurallty of passageways t each 
end of the heating space, the heating tubes and 
passageways are spaced substantialty, evenly 
about the combustion chamber and. the.flue cern  
prises an annula .flue box su-rounding the-outer 
wall and in communication with said heating 
space through a plurality er passageways, dis- 
posed circumferentially with respect.te the heut- 
ing space. 
9. A tube heater comprising an inner watt 
structure of refractory màte2al ïorming- a verti 
cal combustion chamber,.Said, wull: structtle ceïn 
prising an open checkerwork Section near the 
bottera and a solid section abovè said checker 
work section, a pluralit f circumferentially 
spaced openings at the top of sid  solid: Sectïon 
OE Venturi b!ock within said selid: eetion hain-g 
one or more VentUri constrictïens, 
hot coïnbustion gases beneath sitLopen chcker= 
work section, an outer wall 
fractory material sui;rounditig aid: inne wtll 

8 
and-spaced t.herefrom te form a vertically elon- 
gated .heating space therebetween, said space 
being .in communication with the combustion 
chamber through said open checkerwork sec- 
5 tion-and .said openings, a plurality of vertical 
convection heating tubes within said heating 
space spaced substantiallyevenly about the com- 
bustion chamber, a second, outer wall structure 
surrounding said .inner wall and forming a flue 
10 box, passage-ways interconnecting said heating 
spaceund .said flue box ata plurality of points, 
a flue .for discharging flue gas frein said flue 
bo, -and a dmper for controlling the discharge 
of the flue gas. 
15 -10. The heater according to claire 9 where- 
in the flue box-is located near the bottom oï the 
heating spaCe. 
11. A method o heating flowing media com- 
prising flowing the medium tobe heated through 
.o a tube, flowing an augmented stream of com- 
'busion gases, described hereafter, through an 
elongated convection heating space longtudi- 
nally with respect to said tube, thereaïter admix- 
ing at least a portion oï the combustion gases 
.5 with ïresh, hot combustion gases, to ïorm an 
augmented stream of combustion gases, ïorcing 
-fïow .of the augmented stream toward said con- 
rection space thro'ugh the entraining action oï 
a je, thereby establishing a circulating stream 
3O oï-combustion gases, and removing a portion of 
said. circulating stream. 
12. The method according to Claire 11 where- 
in the portion oï the circulang .stream is re- 
moved from the augmented stream immeditety 
35. afer passage ther.eof through the convection 
spce 
13. he-metl-lod according o ctaim 11 where- 
in. tiïe'fltw òf the augmented streám is induced 
bY injecting a jet er a. gas int0 a Venuri con- 
'40 Strictïon. 
r4:. A meth'od: of. heating lïowing media com- 
priging tïowing.thé-medium to be he'ated through 
a plualit of ver.tical tubes, flowing an aug 
luentèd stzeam er combustion gases, described 
45 hereater, downwadly thr0ugha vertically elon- 
gated- donvedti0n, tieating spàcé along said heat- 
inE tUbes, théreatter adizlixing a portion 0 the 
ombustion Easés with fiesh, hot combustion 
ghses, t0. f0rm an augmened stieam .of com- 
5) baStion gase, indfleing UDward fl0W of. tle aug- 
 meiitC Srëaïh eternall-y Of saïd Cònvëction 
space toward the top of said convection spacë bY 
mou.ris Of the eraining action of a jet, theeby 
etabishing 'à birctilt.iig steam. Of Combusti0n 
5..5 gases» and rehoïin a p'ortiòn of saitl circfll- 
ing stream. 
i5. he :ïnethod ac0rdg to Claire i W-heein 
the UPwad fiew bf. the augmented Stream i 
inducedbyinjecting a jet of stemi:nto a Venturi 
,0 c6nstfictïon. 
KA_L PEIMNN. 
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